ABSTRACT: Short-term dynamics of prey-sized zooplankton and predation responses of the adult pomacentrid fish Chromis chrysurus were examined at Kuchinoerabu Island, near Yaku Island, Japan, from June 1986 to August 1987. Adult C, chrysurus fed primarily on larger planktonic copepods (ranging from 0.8 to 5.5 mm body length) that originated offshore, despite the dominance of smaller ones (<0.8 mm) in the water column. Siphonophores, appendicularians and chaetognaths were also utilized. Low overall densities (<50 m-3) of such zooplankton prey were common in the water column, whereas high densities (more than 500 m'3) occurred rarely. Dense aggregations of prey (3144 to 6475 m-3), including numerous large pelagic zooplankters, were recorded on 2 occasions. Differences in prey density were not detected among sampling times, nor among tide range classes. Pump-assisted plankton sampling from 07:OO to 19:OO h was conducted on 3 occasions of spring tides; however, prey densities remained extremely low (0 to 25 m-3) during almost all of the diurnal active period of the fish. A high proportion of fishes (31 to 59 %) sampled each month, regardless of season, had empty stomachs On the other hand, composition analysis of satiated stomachs showed that adult C, chrysul-us util~ze high density zooplankton patches when available. No die1 or tidal periodicity in feeding pattern was detected, either in feeding rates or in stomach fullness, although significant differences were detected both among feeding rates and among sets of stomach fullness of specimens sampled together. Hence, adult C. chrysurus feed intermittently on available prey, according to fluctuations in prey density, and are probably subject to extreme food deprivation. Zooplankton patches are therefore an indispensable food resource at Kuchinoerabu Island. The possibility is discussed that adult C. chrysurus may take positive action in foraging behavior, in order to efficiently utilize zooplankton patches.
INTRODUCTION
Numerous studies have contrasted the feeding of reef fishes feeding on zooplankters with that of reef fishes feeding on benthic invertebrates, principally in relation to food resource availability. Such contrasts are based primarily on the recognition that zooplankton would generally be an instantaneously renewable and abundant resource by comparison with benthic invertebrates (Fishelson et al. 1974 , Fishelson 1977 , Brock et al. 1979 , Ralston 1981 , Hartney 1989 . However, this is applicable only when planktivorous reef fishes occupy a suitable habitat, with a plentiful zooplankton resource. In fact, recent studies have suggested that planktivorous reef fishes are limited by food availability. Differences between different localities in relative abundance of planktivorous reef fishes are probably associated with differences in zooplankton abundance (Hobson & Chess 1978 , Gladfelter et al. 1980 , Williams & Hatcher 1983 , Hobson & Chess 1988 . In recent studies, the supply of zooplankton differed greatly at different reefs, sites, or locations examined (de Boer 1978 , Hobson & Chess 1978 , Bray 1981 ). In addition, food abundance may affect distribution patterns (Bray 1981) , growth (Thresher 1983 , Jones 1986 , Forrester 1990 ) and reproductive activities (Thresher 1983 ) of planktivorous reef fishes. Thus, food availability, as well as recruitment, appears to play an important role in determining population size of planktivorous reef fishes (Forrester 1990) .
Several workers have clarified behavioral aspects of foraging ecology in planktivorous reef fishes, including die1 change in foraging behavior (Fricke 19?0) , relationships between foraging behavior and environmental factors such as water current and light intensity (Stevenson 1972) , effect of social groups on prey-size intake (Coates 1980) , and influence of water currents and prey densities on daily foraging movements (Bray 1981) . Bray et al. (1981 Bray et al. ( , 1986 showed, furthermore, that the behavioral adaptation of daily foraging movements may be related to enhanced nutrient input. Reese (1978) discussed the use of space by planktivorous reef fishes in terms of eflective food capture, focusing attention on the fact that unlike benthic organisms, planktonic food is patchily distributed throughout the 3-dimensional water column.
Several studies on reproductive behavior have also paid attention to the effects of food distribution on mating systems and life-history strategies of planktivorous reef fishes, as well as to the interactions between individual males and females (Fricke 1980 , Hourigan 1989 , Fitch & Shapiro 1990 , Schultz & Warner 1991 .
Although the studies described above showed the importance of the food resource or dealt with subjects closely related to food availability, they emphasized only the distribution of food or the relationship of zooplankton abundance to the distribution pattern of planktivorous reef fishes, rather than the dynamics of the food resource itself. Noda et al. (1990) demonstrated that zooplankton, in particular pelagic copepods, tended to fluctuate greatly in abundance and composition within a short term, on the basis of daily net sampling on 50 m fixed lines, and thus can be characterized as a rapidly changeable and dynamic resource. Moreover, the recognition of such changeabhty of a zooplankton resource allowed Noda et al. to clarify the role of adaption in the foraging behavior of a n omnivorous pomacentnd fish feeding principally on zooplankton. However, they did not establish a temporal pattern of short-term flu.ctuations in the a v d a b h t y of the zooplankton resource, or deal with reef fishes specializing in zooplankton feeding.
In this paper, we consider in detail the characteristics and composition of zooplankton in the water column, in relation to short-term fluctuations in density. Subsequently, we describe responses of the planktivorous pomacentrid fish Chrornis chrysurus to such fluctuations in the zooplankton resource. Finally, on the basis of these results, we discuss exploitation of the food resource by these planktivorous reef fishes.
METHODS
Study site. All field work was conducted in Nishiura and Honmura Bays, Kuchinoerabu Island (30'28' N, 130" 12' E) , 12 km northwest of Yaku Island, Japan (Fig. 1) . Kuchinoerabu Island is strongly influenced by the Kuroshio current, resulting in Honmura Bay having an average surface temperature of approximately 24 "C (ranging from 30 "C maximum in summer to 19 "C minimum in winter). Nishiura Bay appears to have a similar surface temperature range. Superimposed on the Kuroshio current, is a NW-SE current which reverses direction depending on the state of the tide, in the vicinity of Kuchinoerabu Island. Similarly, in the inshore area (Fig. 1 ) of the Nishiura Bay study site, a NNE current tends to occur during the flood tide, and a SW current during the ebb tide. These currents carry zooplankton past the island, providing a potential source of food for the resident population of reef fishes. The Nishiura Bay study site is, on the whole, a gradually sloping reef. The inshore area, with a Kuchinoerabu Island   Fig 1 Location of Kuchinoerabu Island and details of the snorkeling course and sampling pump position for plankton (P) at Nishiura Bay study site. The course was subdivided into inshore (A) and offshore (B) on the basis of water depth and likelihood of exchange of fish aggregation members from each locality channel 4 to 6 m deep, ranges from 2 to 8 m in depth, and slopes gently to an offshore area 10 to 15 m deep, fronting an open sandy bottom. Specimen collection and stomach content analysis. All adult Chromis chrysurus were collected from a snorkeling course (see Fig. 1 ) in the Nishiura Bay study site and its vicinities, and on the northwest side of Honmura Bay, by spear gun or monofilament net, between 06:OO and 18:OO h. Immediately after collection, specimens were preserved in 10 % buffered formalin, with the abdomens deeply incised. A total of 132 specimens were used for stomach content analysis. Total length and wet body weight of each specimen were measured in the laboratory. The stomachs were removed and the contents weighed in a wet condition. For all specimens, gravimetric fullness of the stomach was calculated as (SW/BW -GW)x1000, where SW, BW and GW are the weights of the stomach contents, the intact fish and the gonad, respectively. Further, in regard to the effect of breeding activities on the feeding of adults, their sexes were determined and gonad somatic indices calculated as (GW/BW) X 100.
The stomach contents of 92 individuals were examined under a binocular microscope, sorted, and identified to class or order. Copepods were further subdivided to genus. Each food item was placed on a glass slide fitted with a rectangular metal frame about 1 mm in thickness, and the volume obtained by measuring the area covered by each item when level with the top of the frame. The length of intact food items was measured to the nearest 0.1 mm. For several prey organisms, the length, width and height of each were measured, the resulting volume being taken as representative of the organism. A centrifuge tube was also used for estimating volume of many food items. The relative importance of each food item was expressed as follows: (1) percentage frequency of occurrence, (2) numerical percentage of each food item of the total number of all food items, and (3) volumetric percentage of each food item of the total volume of all food items.
During fish sampling, it was important for specimens to reflect normal conditions, rather than sample bias. For this reason, fish collecting was restricted to between 2 and 6 individuals at a time and conducted on several days in each month from June to October 1986, with the exception of one day (23 October) when daily periodicity in stomach fullness was examined. At that time a total of 27 individuals were collected from the offshore area of the Nishiura Bay study site (06:30 to 07:OO h, 7 ind.; 09:30 to 10:OO h, 6 ind.; 11:30 to 12:00 h, 5 ind.; 14:30 to 15:00 h, 7 ind.; 17:30 to 18:OO h, 2 ind.). Detailed collection data for 132 specimens used for stomach content analysis are as follows: June, 25 ind. (total of 8 collecting days) in Nishiura Bay and 4 ind. Tests of stomach fullness between the Nishiura and Honmura Bay study site specimens collected in August and October showed no significant differences (2-sample t-tests; August: t = 0.020, df = 30, p * 0.8; October: t = 1.116, df = 43, p > 0.2; data log transformed). All specimens from the 2 study sites were therefore, pooled for stomach content analysis.
Feeding behavior and plankton sampling. We observed aggregations of adult Chrornis chrysurus and sampled plankton, while snorkeling a fixed course about 1 km long ( Fig. 1 ) between 23 September and 21 October 1986 at the Nishiura Bay study site. The course was determined so as to include locations where we were likely to find aggregations of adult C. chrysurus. Each survey took about 2 h to complete. Two surveys were conducted per day, in accordance with the following schedule: Day 1, 06:OO to 08:OO h and 12:OO to 14:OO h; Day 2, 08:OO to 10:OO h and 14:OO to 16:OO h; Day 3, 10:OO to 12:OO h and 16:OO to 18:OO h. This 3 rotating schedule was repeated 6 times, resulting in 36 surveys. For each encounter with adult C. chrysurus, the observer recorded time and location, number of individuals, type of feeding behavior, and feeding rates of 2 adults (number of bites counted for 1 min). At first, 20 adults were followed individually for 5 min each, with feeding activities and number of bites observed and counted, respectively. The results were found to vary little with time, and accordingly, a bite count time of 1 min was employed to expedite the surveys. Immedately after each encounter, single plankton samples were taken by quickly sweeping a portable, handle-fitted plankton net through the water at the same locality, both in the surface layer and in the water column (3.7 * 0.13 SE m in depth; range 1 to 7.5 m) where fish were feeding. The net had a ellipseshaped mouth (21.5 cm major axis, 18.0 cm minor axis) and a depth of 60 cm. A fine mesh (0.1 mm) was employed, because of the possibility of switching to common, smaller copepods (< 1 mm long) at times of low densities of larger prey. A small flowmeter fitted across the opening was rotated by the quick sweeping of the net through the water (surface layer, 54 f 9.5 SD turns; feeding layer, 54 f 10.4 SD turns). To reduce inconvenience in handling of collected plankton, polyethylene bottles (50 ml) with a draining window (0.1 mm mesh) were screwed on to the end of the net, thereby permitting the snorkeling observer to easily handle the collected plankton on the sea surface. Such a method enabled the observer to accomplish each survey with minimum interruptions. Because the feeding layer did not d~ffer significantly from the surface in prey abundance (paired t-tests; inshore area: t = 0.661, df = 100, p > 0.5; offshore area: t = 0.878, df = 36, p > 0.2; data log transformed), feeding layer data only were analyzed.
Prior to the above snorkeling surveys, concurrent sampling of fish and zooplankton was undertaken on 3 July and from 5 to 21 August 1986 (a total of 6 d) at the Nishiura Bay study site. Data from 4 of 7 samplings thus made are presented in Table 5 . Densities of prey individuals clearly reflected stomach fullness (Kendall's coefficient of rank correlation, T = 0.57, n = 35, p 0.001). Direct observations of both feeding activities and zooplankton were positively correlated with stomach fullness, suggesting that the plankton net sampled large zooplankters eaten by the fish with relative accuracy.
Continuous collections of plankton. Plankton at the surface layer was continuously collected with a suction pump from 07:00 to 19:OO h on 26, 27 and 29 August 1987 (during spring tides) at the Nishiura study site. This sampling period covered practically the entire diurnal activity period of adult Chrornis chrysurus. The pump was based onshore and a suction hose (25.4 mm inside diameter) extended 100 m offshore. The hose intake was fixed to within 2 m of the surface in a water depth of about 5 m. The location where C. chrysurus aggregations were frequently detected was usually subject to measurable tidal currents. Plankton was strained with a Kitahara plankton net (0.1 mm mesh), which was suspended from a tripod enabling the pump outlet hose to be inserted so as to touch the cod end of the net. Sea water was filtered at the I-ate of 1.9 m3 h-'. Cod end contents were removed 6 times per day, at 09:00, 11:00, 13:00, 15:00, 17:OO and 19:OO h. We also collected plankton in the vicinity of the hose intake using a portable plankton net with a flowmeter, to enable comparisons with pumped samples.
All plankton samples collected were preserved in 5 % buffered formalin. The samples were split 1 to 3 times, depending on the amount of plankton, with a Motoda plankton splitter (Motoda 1959) in the laboratory. Individual items were identified to class or order under a binocular microscope, counted, and the length measured to the nearest 0.1 mm. Copepods were further subdivided to genus. Counts were standardized by conversion to amounts per m3 of water sampled.
Statistical analyses. Data were analyzed primarily by l-way ANOVA, after log transformation to normalize the distribution. Homogeneity of transformed data was tested using Bartlett's test. Only in cases where variances were heterogeneous ( p i 0.05) were nonparametnc tests used. Parametric tests were used as often as possible, to preclude the possibility that lack of significant differences could be based on a bias dependent on the power of the statistical test.
RESULTS
Stomach content analysis Table 1 shows the diet composition of adult Chromis chrysurus. This species is a zooplankton specialist. Almost all of the food items were planktonic animals living in the water colun~n. In particular, planktonic copepods constituted the dominant prey, con~prising 77.4 O/O of total items by volume, 66.1 % by number and 42.4 % by frequency of occurrence. Gelatinous zooplankton such as siphonophores, appendicularians and chaetognaths were also important dietary components. Planktonic copepods, siphonophores, appendicularians and chaetognaths together accounted for 95.6 % of the total volume and 89.4 % of the total number of individuals, with the frequency of occurrence of each, except chaetognaths, exceeding 30 %. Thus, these 4 prey categories represented the major food of adult C. chrysurus at the study site. Only taxa distributed widely in oceanic and/or coastal waters (Yamaji 1984), as opposed to those restricted to inlet waters, were found in the stomach contents ( Table 2) .
The size composition of copepods occurring in the stomach contents was compared with those collected from the water column, on the basis of simultaneous collections of fish and zooplankton on 3 July and from 5 to 21 August 1986. Planktonic copepods from stomach contents comprised mainly larger individuals contributing to 3 size peaks (3.3, 2.3 and 1.3 mm), whereas Densities of prey individuals Data on zooplankton densities and foraging behavior were subdivided into 2 groups (inshore and offshore) along the observation course, according to water depth and the possibility of exchange of adult fishes between aggregations. This enabled the recording of any differences in zooplankton density and foraging behavior between the 2 areas. The densities of prey in the water column were expressed as those of the sum of prey-sized individuals available within each category (corresponding to size ranges found in stomachs; see Table l ) , and are hereafter referred to as 'prey individuals'. Fig. 2 indicates the frequency distribution of densities of prey individuals in rnidwater feeding grounds at locations where aggregations of adult fishes were found. Both in the inshore and offshore area, con- Table 1 ) at stations where aggregations of Chromis chrysurus engaged in particulate-feeding. Plankton sampling was conducted with a portable net along the snorkeling course at the Nishiura Bay study site. (A) Inshore area; (B) offshore area. N: number of samples examined siderably lower densities (less than 50 m-3) occurred with high frequency, whereas densities of more than 500 m-3 occurred with extremely low frequency. Thus it was found that adult Chromis chrysurus would frequently be exposed to few prey individuals. Diurnal differences in densities of prey individuals were undetectable (l-way ANOVAs; inshore: F = 27.43, df = 5,95, p > 0.05; offshore: F = 9.73, df = 5,31, p % 0.25), as were differences among 4 classes of tide ranges (Table 3 ; l-way ANOVAs; inshore: F = 6.57, df = 2,91, p S 0.25, tested together, except for the >200 cm tide range class; offshore: F = 2.12. df = 3,33, p S 0.25). Differences in prey density among days, therefore, were not confounded by short-term changes in abundance at different times of a day and differences in abundance among tidal cycles. In contrast, differences among the inshore surveys of prey individuals were significant (Kruskal-Wallis tests; inshore: H,,, = 62.01, df = 35, p < 0.01; offshore: H,,, = 26.46, df = 23, p > 0.2); those among the offshore surveys would also have been significant if a larger sample size had been obtained. Plankton sampling with a pump was conducted at spring tide (Table 4) , when it seemed most probable that prey individuals would be collected more abundantly, in particular during flood and ebb tide, because of the effect of tidal currents (see the section 'Study site'). We found, however, that extremely low densities of available prey individuals characterized almost the whole of the diurnal active period of adult Chromis chrysurus, which ranges from dawn to dusk. The trend was compatible with that of plankton collections using the portable net in the vicinity of the hose intake, although the water sampling velocity of the pump may not have been sufficient to sample highly mobile zooplankters. The results obtained by the pump equipment used do not overcome the objection that avoidance of mobile zooplankters could have been a problem with our sampling technique and thus further work is required to properly understand the relation of tidal cycles to food supplies. However, these results at least suggested that food availability can be limited, even at spring tide, when tidal currents are usually relatively strong. Fortunately, we were able to sample zooplankton patches, appearing as densely aggregated zooplankton in the surface layer, on 2 occasions: 21 August 1986 (2 samples) at the Nishiura study site and 19 October 1986 (1 sample) in Honmura Bay. Such patches could be clearly recognized with the naked eye. Although zooplankton patches were observed several times, it was only on the above days that samples could be collected. Densities of prey individuals (3144 to 6475 ind. m-3) in the zooplankton patches were much higher than those (0 to 2080 m-3) in samples taken during the snorkeling surveys. The size composition of the zooplankton patches was compared with that of the snorkeling survey samples (Fig. 3) . Whereas copepods less than 1 mm long in the latter comprised a large proportion of the total number, in zooplankton patches these were reduced in proportion, and a size peak of around 3 mm was conspicuous, thus exhbiting a considerable increase in large copepods (Median test; = 602.12, df = 1, p < 0.001 for patches vs samples of <500 = 1044.20, df = 1, p 4 0.001 for patches vs samples of 500 to 2080 m-3). The other major prey taxa, lumped together, showed a similar trend ( Fig. 3 ; Median test; = 25.06, df = 1, p < 0.001 for patches vs samples of < 500 m-3; = 10.33, df = 1, p < 0.01 for patches vs those of 500 to 2080 m-3). The generic composition of copepods is given in Table 2 . Compared with the snorkeling survey samples, zooplankton patches were characterized by a high percentage of large-sized oceanic genera (i.e. Euchaeta, Scolecithrix, Undinula, Eucalanus, Nannocalanus), which, together with Candacia, made up over 80 % of Chron~is chrysurus stomach contents. Although an oceanic genus, Candacia was not found in the zooplankton patches from which samples were obtained.
Feeding behavior and stomach fullness
Feeding rates were directly related to densities of prey individuals in the water column ( Fig. 4 ; Kendall's coefficient of rank correlation; T = 0.650, n = 165, p G 0.001). Feeding behavior itself changed in almost all individuals of aggregations, from aimless meandering to active, 'up-and-down' searching following an increase in densities of prey individuals (Fig. 4) . Often adult Chromis chrysurus became stationary at times of low prey densities, seemingly a s if waiting for drifting zooplankton to be transported inshore. The frequency distribution of feeding rates (number of bites per nun) was asymmetrical, being extremely skewed to the left (chi-square tests; inshore:
= 915.05, df = 19, p G 0.001; offshore: = 76.36, df = 7, p * 0.001). That is, low feeding rates occurred frequently and periods of restricted feeding were readily observed. On the other hand, high feeding rates did not occur often, and active feeding was infrequently observed. Diurnal differences in feeding rates were undetectable (l-way ANOVAs; inshore: F = 5.90, df = 5,119, p > 0.05; offshore: F= 2.38, df = 5,49, p %-0.25), as were differences (Table 3 ; l-way ANOVA; inshore: F = 1.52, df = 2,110, p * 0.25; offshore: F = 0.31, df = 3,51, p * 0.25). In contrast, differences in feeding rates among the surveys were significant (Kruskal-Wallis tests; inshore: H,,, = 71.05, df = 35, p < 0.001; offshore: H,,, = 35.85, df = 23, p < 0.05). Such a trend in feeding intensity was reflected in stomach fullness. Values of stomach fullness were plotted within each sampling month from June to October (Fig. 5) . Stomach fullness within any month frequently showed remarkably low values and empty stomachs were found in a high proportion (31 to 59 %) of the fishes examined, although significant seasonal variation was detected (l-way ANOVA; F = 4.60, df = 4,134, p < 0.005). The relationship between stomach fullness and collecting times was compared between means of total specimens pooled over the entire period and those of specimens collected on 23 October 1986 (Fig. 6) . The 2 diurnal patterns differed markedly from each other in stomach fullness, suggesting that a 0 Aimless meandering 'Up-and-down" searching A Intermediate state between the above feeding behaviors Fig. 4 . Chromis chrysurus. Relationship between densities of prey individuals (see Table 1 ) at stations where aggregations of C. chrysurus engaged in particulate-feeding at the Nishiura Bay study site and feeding rates (number of bites definite daily periodicity in feeding was lacking. Furthermore, differences among 4 tide range classes were undetectable (Table 3 ; l-way ANOVA; F = 1.27, df = 3,128, p 9 0.25), and stomach fullness was highly consistent with prey densities in the water column, irrespective of tidal cycles and water currents (Table 5 ). In contrast, significant differences in stomach fullness among sets of specimens sampled together were detected within each sampling month from June to October (Kruskal-Wallis tests; June: H,,, = 18.46, df = 8, p < 0 . 0 2 ; July: H,,, = 9.07, df = 2, ~~0 . 0 2 ; August: H,,, = 19.20, df = 8, p < 0.02; September: H,,, = 12.17, df = 3, p < 0.01; October: H,,, = 25.70, df = 10, p < 0.01).
A change in the size composition of each major prey category in the stomach contents, with increase in stomach fullness, is indicated in Fig. 7 degree of swelling of the stomach: ~1 . 0 0 (almost no feeding), 1.00 to 5.00 (moderate feeding), >5.00 (intensive feeding). The size composition of prey items was then compared between the 3 categories of stomach fullness. When stomachs were filled with food (> 5.00), large-sized copepods with a mode of about 3.3 mm were found in considerably higher proportions (Median test; X 2 = 1553.11, df = 2, p G 0.001). The other prey items also tended to increase in size (Median test; X 2 = 23.78, df = 2, p G 0.001 for siphonophores, X 2 = 28.08, df = 2, p G 0.001 for appendicularians). In particular, chaetognaths, which are usually large, oceanic zooplankters, were not found in the lowest category (<1.00). It was clear that the highest and lowest categories of stomach fullness in Chromis chrysurus were characterized by substantial differences in size composition of major prey, and that no fully fed condition had resulted from the utfization of zooplankton communities at times of low prey densities in the water column. At Kuchinoerabu Island the species seems to initiate nesting from the end of October at Kuchnoerabu Island (gonad somatic index; June to September: male-max 0.34 f 0.03 SE, min 0.26 f 0.02 SE, n = 45, female-max 0.96 f 0.15 SE, min 0.54 f 0.03 SE, n = 43; beginning of October: male 1.92 k 0.25 SE, n = 5, female 2.68 f 0.75 SE, n = 3; end of October: male Table 5 . Chrornis chrysurus. Four individual cases at neap and spring tide taken from concurrent samplings of fish and zooplankton, with observations of feeding behavior. Values of stomach fullness, prey densities (for prey individuals) and feeding rates indicate mean values (standard error given in parentheses). N: number of plankton samples, fish collected or fish observed.
A: inshore area, B: offshore area at the Nishiura Bay study site (see Fig. 1 In October, males and females were almost equal with regard to proportion of empty stomachs (male 33 %, n = 27; female 34 %, n = 18). Colonial nesting was not observed during the snorkeling surveys and free swimming fishes only were collected. For these reasons, we considered that there were no direct effects of breeding activities on the feeding of adults during the period examined.
DISCUSSION
The results of this study show that at Kuchinoerabu Island zooplankton patches including a great number of prey occur after long intervals of low prey densities. Patches are, therefore, most important as a food resource, and furthermore their value is not only quantitatively but also qualitatively enhanced because they include a variety of large-sized zooplankters. A similar Chromis chrysurus. Degree of satiation and size-distribution of major prey categories found in the stomach contents of 51 adults (empty stomachs not considered) collected from Nishiura and Honmura Bays. Stomach fullness, defined in the text, was divided into the following 3 categories, according to the degree of swelling: < 1.00, almost no feeding; 1.00 to 5.00, moderate feeding; > 5.00. intensive feeding. N number of fish examined pattern in zooplankton prey size was suggested by Tribble & Nishikawa (1982) . They compared the diets of 4 planktivorous damselfishes (genus Chromis), examining size and type of prey items. Significant differences were found in the average size of ingested zooplankters on different sampling days, independent of fish species. They presumed that such differences between sampling days reflected temporal changes in the overall zooplankton community, but did not examine prey densities in the water column. We infer that such changes in zooplankton community would be caused by occurrence of patches. An ongoing period of food unavailability raises the possibility that adult Chromis chrysurus might well take behavioral action to procure food. In comparison, the omnivorous pomacentrid fish Abudefduf vaiyiensis, which feeds principally on zooplankters, supplements a food shortage by switching to benthic, filamentous algae at times of low densities of pelagic copepods, its favorite prey (Noda et al. 1990 ). Larger species of Chromis, specializing in zooplankton feeding, are known to migrate considerable distances daily to the incurrent end of the home range from their nocturnal shelter sites and to forage there (Bray 1981 , Kingsford & MacDiarmid 1988 . Similar foraging movements and response to tidal currents were observed for a local population of adult C. chrysurus in the inshore area (unpubl.). Such an extensive home range is generally considered to relate to the procurement of food at low prey density. However, these species do not forage throughout the home range but swim directly to feeding sites. At the feeding sites, C. chrysurus assumed a state close to resting (Fig. 4 , Table 5 ), rather than searching actively for prey, at times of low prey densities. Consequently, it is unlikely that an extensive home range permits steady harvesting of prey.
On the other hand, investigations on site-attached fishes emphasized that the velocity of water currents is important to feeding intensity of these fishes (Stevenson 1972 , Popper & Fishelson 1973 , d e Boer 1978 , Thresher 1983 . Despite low prey densities, high current velocities might permit adult Chromis chrysurus to increase its food intake because of the faster rate of replenishment of zooplankton. However, on several occasions of low prey densities, we observed that the feeding rates of adult C. chrysurus under strong current flows were as low as those under weak flows (Table 5 ; Noda et al. unpubl.) , suggesting that feeding rates are regulated more by prey density than by current velocity.
It could be argued that adult Chromis chrysurus may switch to common, smaller copepods less than 0.8 mm, as shown in 'Results', and/or ones swarming near the bottom during the day (e.g. Emery 1968 , Hamner & Carleton 1979 , Ueda et al. 1983 , Tanaka et al. 1987a , Kimoto & Nakashima 1988 . First, switching to smaller ones seems unlikely for adult C. chrysurus, which does not take copepods less than 0.8 mm long. Next, it has been reported that swarming copepods are utilized as prey by some juvenile, demersal fishes, such as red sea bream, gobioids, and Japanese grunt and sand eels (Sekiguchi 1978 , Matsumiya et al. 1980 , Matsumiya & Takahashi 1983 , Tanaka et al. 1987b . At Kuchinoerabu Island 2 species of swarming copepods (Oithona oculata and Tortanus erabuensis) have been detected (Ohtsuka et al. 1987, Noda unpubl.) . However, no swarming copepods were found in the stomach contents of adult C. chrysurus, only drifting copepods that had originated offshore (Table 2 ). Swarming copepods near the bottom, therefore, seem to be unutilized by adult C. chrysurus. In conclusion, food intake by C. chrysurusappears to be insufficient by any means in a state of low prey densities, and thus adult C. chrysurus must be subject to extreme food deprivation.
This may also explain the lack of daily periodicity in feeding rates and stomach fullness. Even though prey densities were low over the diurnal active period of Chromis chrysurus, a constant acquisition of prey would eventually lead to satiation. Hence both active feeding and inactive periods would be expected, but this was not the case. Daily periodicity in feeding of planktivorous reef fishes has been reported in a few studies (Fncke 1970 , Stevenson 1972 . However, extreme shortages of food may constrain adult C. chrysurus to concentrate on foraging when feeding conditions are favorable, according to the spatial heterogeneity of zooplankton communities. Accordingly, we infer that the species depends greatly on zooplankton patches for its food supply at Kuchinoerabu Island.
From this point of view, foraging behavior of adult Chromis chrysurus may be unilaterally determined by the frequency of occurrence of zooplankton patches and there seems to be no room for any positive measures to stabilize the daily amount of ingested zooplankton prey. On the other hand, adult C. chrysurus may store fat in the body by feeding intensely on densely aggregated zooplankters, thereby accumulating sufficient food overall. In this case, the significance of food deprivation at low prey densities would hinge on the frequency with which the fish encountered zooplankton patches. Hence, adult C. chrysurus would need the behavioral ability to efficiently locate zooplankton patches.
Our studies have demonstrated the fundamental importance of zooplankton pdtches in the foraging of adult Chromls chrysurus. To elucidate adaptive aspects of foraging behavior of adult C. chrysurus in terms of efficient utilization of zooplankton patches, we need to understand the hydrographic and/or biological forces causing zooplankton prey to be aggregated into patches. If these patches originate from fronts resulting from the interaction of tidal currents and topography (e.g. Wolanski & Hamner 1988 , Kingsford et al. 1991 , they would occur in all seasons. By contrast, if patches are mostly attributed to Langmuir circulation and/or a coastal upwelling front (e.g. Hamner & Schneider 1986 , Hobson & Chess 1988 , which are produced by winds, their frequency would vary with season. These are merely examples of possible forces, and it is essential that the pattern of occurrence of patches should be understood, either as short-term processes only or as seasonal processes. An understanding of hydrographic and/or biological forces would show also whether or not the occurrence of large-sized zooplankters in the examined patches represents the usual situation or results from some occasional cause. Clarification vf these points would help elucidate adaptive foraging behavior of planktivorous reef fishes such as C. chrysurus.
